Sealed membrane vesicles were isolated from homogenates of sugarbeet (Beta valgaris L.) taproot by a combination of differential centrifugation, extraction with KI, and dextran gradient centrifugation. Relative to the KI-extracted microsomes, the content of plasma membranes, mitochondrial membranes, and Golgi membranes was much reduced in the final vesicle fraction. A component of ATPase activity that was inhibited by nitrate co-enriched with the capacity of the vesicles to form a steady state pH gradient during the purification procedure. This suggests that the nitrate-sensitive ATPase may be involved in driving H'-transport, and this is consistent with the observation that Hf-transport, in the final vesicle fraction was inhibited by nitrate. Proton transport in the sugarbeet vesicles was substrate specific for ATP, insensitive to sodium vanadate and oligomycin but was inhibited by diethylstilbestrol and N,N'-dicyclohexylcarbodiimide. The formation of a pH gradient in the vesicles was enhanced by halide ions in the sequence I-> Br-> Cl1 while P was inhibitory. These stimulatory effects occur from both a direct stimulation of the ATPase by anions and a reduction in the vesicle membrane potential. In the presence of Cl1, alkali cations reduce the pH gradient relative to that observed with bis-tris-propane, possibly by H'/ alkali cation exchange. Based upon the properties of the HW-transporting vesicles, it is proposed that they are most likely derived from the tonoplast so that this vesicle preparation would represent a convenient system for studying the mechanism of transport at this membrane boundary.
mary proton transport can occur both at the plasma membrane (cytoplasm to cell exterior) and at the tonoplast (cytoplasm to vacuole lumen) (27 and references therein). When membrane fractions enriched with plasma membrane (16) or tonoplast (15) are prepared, they are found to contain ATP hydrolytic activity which has been postulated to reflect the presence of ATP-fueled proton pumps responsible for carrying out these primary transport events (16, 21, 27) .
A significant advance to the study of membrane transport in higher plants came with the development of the methodology to isolate sealed membrane vesicles by Sze (25) . The sealed vesicle system allowed the demonstration that these membrane-associated ATPases isolated from higher plant cells could directly transport protons (27) . Several laboratories have since characterized ATPase-mediated proton transport in sealed vesicles thought to be derived from the plasma membrane (27 and references therein) and from the tonoplast (22 and references therein). These two types of proton-transporting vesicles can be distinguished by differences with respect to ion stimulation of proton transport (and ATPase activity), inhibitor sensitivity, and intrinsic membrane density (7, 17, 26, 27) .
A major goal ofthis laboratory is to understand the mechanism and energization of sucrose transport at the plasma membrane and tonoplast of plant cells within the context of photosynthate partitioning. Achieving this goal will require a thorough knowledge ofthe driving forces for sucrose transport and the properties of the membrane carriers responsible for coupling this driving force to the movement of sucrose. Although work up to the present time with sealed vesicles has emphasized ATP-dependent primary transport, this system can be extremely useful when utilized to investigate a secondary process such as sucrose transport. Indeed, sealed membrane vesicle systems have proven useful when applied to secondary transport systems present in bacterial (12 and references therein), fungal (9) , and animal (28 and references therein) cell membranes.
The two papers presented in this series describe the development of a sealed vesicle system isolated from sugarbeet taproot, useful for studying the properties of sucrose transport across the tonoplast. This paper describes the isolation and characterization of the sugarbeet vesicles while in a subsequent paper (6) , the sugarbeet vesicle system is used to examine the mechanism of sucrose transport. Figure 2 . Protein Assay. Protein was determined by the method of Bradford (4) using BSA as a standard. The protein content of the homogenate was estimated by noting the volume increase in the homogenization media due to the presence of the homogenized tissue and determining the protein in fresh homogenizing media diluted to the same extent. This value for the protein contributed by the BSA present in the homogenization media was then subtracted from the total protein content of the homogenate to estimate the amount of protein contributed by the plant tissue.
RESULTS AND DISCUSSION
Isolation of Sealed Vesicles from Sugarbeet Taproot. The method used to isolate sealed membrane vesicles was based upon the published procedure of Sze (25, 26) modified for the use of sugarbeet storage tissue. A mechanized homogenization method was required in order to disrupt the storage tissue and the best results were obtained using an Oster vegetable juice extractor. Since our goal was to use the sealed vesicle system for the study of sucrose transport, it was desirable to isolate the vesicles in the absence of sucrose. In preliminary experiments, the sugarbeet root homogenate was centrifuged at 13,000g prior to collection of microsomal membranes by centrifugation at 80,000g and following KI extraction of the microsomes (to diminish nonspecific phosphatase, see Briskin and Poole [5] ), the sealed vesicles were recovered at a 10% (w/w) dextran gradient interface (25, 26) . It was found, however, that maximal enrichment ofH+-transporting activity on a protein basis relative to a reduction in contaminant marker enzyme activities (see below) occurred when the low speed centrifugation was reduced to 7,700g and the density of the dextran at the gradient interface was reduced to 6% (w/w). The distribution of phosphohydrolase activity, H+-transport, and protein during the isolation of sealed vesicles by this method is shown in Table I . It is apparent that as the sugarbeet membranes are carried through the isolation procedure, the proportion of the control ATPase activity in each fraction that is sensitive to nitrate is progressively increased. In contrast, the ATPase activity that is sensitive to azide, an inhibitor of mitochondrialF,-ATPase (25 and references therein), is progressively decreased during the isolation procedure. Vanadate-sensitive ATPase activity, representative of the plasma membrane ATPase (and possibly nonspecific phosphatase) (10, 19) and Triton X-100 stimulated UDPase, representative of Golgi membranes were first enriched to the KI-extracted microsomal pellet and then substantially decreased when the membranes were centrifuged on a 6% dextran cushion. Comparisons between the properties of ATPase activity associated with isolated vacuoles (14 and references therein, 15) and the properties of ATPase andH+-transport activity in sealed vesicle fractions isolated from microsomes (2, 3, 17, 20, 22) Values in parentheses represent the percent of the control activity. b Assayed in the presence of 5 mM ATP (bis-tris-propane salt, pH 7.2), 5 mM MgSO4, 50 mM KCI, 2 Mm Quinacrine, 250 mm sorbitol, and 25 mM bistris-propane/Mes (pH 7.2). The data are expressed as the ionophore reversible quench per mg protein (see Fig.   1 ).
H+-TRANSPORT IN SUGARBEET VESICLES
c Estimated as described in "Materials and Methods."
enriched with membranes derived from the tonoplast and that the amount of membranes derived from the plasma membrane, Golgi apparatus, and mitochondria is much reduced.
In the purification of the vesicles from the microsomal pellet to the final dextran gradient fraction, a close correspondence between the enrichment in nitrate-sensitive ATPase activity and ATP-dependent H+-transport was observed (Table I) . This fraction, is inhibited by nitrate (Fig. 1) (Fig. 1) . Fifty mM nitrate resulted in about a 68% reduction in the steady state pH gradient while in the presence of 100 mm, a 89% reduction was observed (Table III) . The production of a pH gradient by the sugarbeet vesicles, however, was unaffected by vanadate, an inhibitor of plasma membrane ATPase (10, 20) and oligomycin, an inhibitor of mitochondrial ATPase (22 and references therein). This indicates that although residual plasma membrane (ANa3VO4, Table I ) and mitochondrial ATPase (ANaN3, Table I ) activities are present in the final vesicle fraction, these transport enzymes cannot account for the oW served H+-transport. DES3 and DCCD were also inhibitors of H+-transport in the sugarbeet vesicle system (Table III) . These two agents have been shown to inhibit the ATPase associated with isolated vacuoles (14, 15) and the nitrate sensitive H+-ATPase present in vesicle fractions isolated from several species (22 and references therein).
Ion Effects upon HI-Transport and ATPase Activity. The effect of various monovalent cations (present as Cl-salts) upon the production of a vesicle pH gradient was examined (Table   IV) . Proton transport was enhanced in the presence of the monovalent ions and nearly similar steady state pH gradients were found with K+, Rb+, Cs', Na+, and Li'. A larger pH gradient and higher initial quench rate was consistently observed when bis-tris-propane replaced alkali cations in the transport assay. This was also observed by Sze (26) and may reflect a reduction in the pH gradient with monovalent cations possibly by a H+/ monovalent cation exchange process.
When the effect of various anions (present as K+ salts) upon 3Abbreviations: DES, diethylstilbestrol: DCCD, N,N'-dicyclohexylcarbodiimide: IDA, iminodiacetate. the production of a vesicle pH gradient was tested (Table V) , Iwas found to have the greatest effect. The relative order by which anions stimulated pH gradient production was found to be: I-> Br > Cl-> S042-> IDA-while NO3-and F were inhibitory. The large stimulation by 1-was consistently observed and most pronounced when the KI stock solution was freshly prepared. If the solution was stored for extended periods of time, 1-stimulation was diminished to a level below that of Cl-or Br. This most likely reflects decomposition of the KI stock by oxidation to iodine and iodate. Based upon the results presented in Table IV and Table V 
